Agriculture (Polnohospodarstvo), 69, 2023 (1): 40 — 46 $ sciendo 


DOI: 10.2478/agri-2023-0004 


IMPROVEMENT OF CALLOGENESIS AND SOMATIC EMBRYOGENESIS 
BY SELECTING OPTIMAL HORMONAL BALANCE IN SARNAV AND 
DESIREE POTATO VARIETIES 


Short communication 


FERUZA I. BABADJANOVA', KHURSHIDA A. UBAYDULLAEVA', AKMAL M. ASROROV'?**, 
BAKHTIYOR K. RAKHMANOV', ADKHAM N. ABDULLAEV', ABDUVAKHID A. BOLKIEV', 
SA’DULLA A. ABDULLAEV', JAKHONGIR B. ESHMURZAEV', ZABARDAST T. BURIEV! 


'Uzbekistan Academy of Sciences, Kibray, Uzbekistan 
? International Agriculture University, Kibray, Uzbekistan 
3 National University of Uzbekistan, Tashkent, Uzbekistan 


Babadjanova, F.I., Ubaydullaeva, Kh.A., Asrorov, A.M., Rakhmanov, B.K., Abdullaev, A.N., Bolkiev, A.A., Abdul- 
laev, S.A., Eshmurzaev, J.B., and Buriev, Z.T. (2023). Improvement of callogenesis and somatic embryogenesis by se- 
lecting optimal hormonal balance in Sarnav and Desiree potato varieties. Agriculture (Poľnohospodárstvo), 69(1), 40—46. 


Callus formation and somatic embryogenesis in potato varieties are effective ways to obtain an entire plant from a single cell. 
The implementation of embryogenesis is widely used in improving plant materials and creating new biotechnological varie- 
ties. In our research, the optimum level of 1-naphthaleneacetic acid (NAA) and 6-benzyl aminopurine (BAP) was determined 
in the formation of callus tissue in the local Sarnav potato variety, and the Desiree variety taken as a control. Leaf and stem 
explants were used in the processes of callus tissue formation and somatic embryogenesis of both varieties. We tried various 
plant growth regulators for callus formation and somatic embryogenesis in different ratios. The 1 mg/L NAA and 1.5 mg/L 
BAP were established as the best option for callus formation resulting in 92 and 100% development of callus in internodes 
of Desiree and Sarnav varieties, respectively. The 0.1 mg/L BAP and 0.1 mg/L gibberellic acid (GA, ) resulted in almost 80% 
development of somatic embryogenesis in both varieties and were found as the most optimum option. These results showed 
that regenerated plants can be obtained from the Sarnav potato variety by somatic embryogenesis. This method can be applied 
to the Sarnav variety for genetic transformation studies. 
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One of the significant problems in potato (Sola- 
num tuberosum L.) cultivation is its susceptibility to 
viruses, bacteria, and various pests. Here, obtaining 
genetically enriched plants and regenerates from 
callus tissues through somatic embryogenesis is im- 
portant for preserving genetic materials from gener- 
ation to generation (Miguel & Marum 2011). 


Different ratios of BAP and NAA were used for 
in vitro microclonal propagation of Gudiene and Be- 
lete potato varieties. In the Gudiene variety, 1.5 mg/L 
BAP + 3.0 mg/L NAA revealed higher results in 
shoot development, while 1.0 mg/L BAP + 2.0 mg/L 
NAA had the maximum effect in the Belete variety 
(Hajare et al. 2021). Leyser (2001) reviews how 
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cells can take up and distribute auxin during the de- 
velopment of leaves, roots, and stems in plants, and 
how it has different effects on tissues. The results 
of in vitro regeneration of plant tissues and somatic 
embryos demonstrated the interaction of auxin and 
cytokinin in the nutrient medium is regulated by dif- 
ferent mechanisms (Cheng et al. 2013). 

In potatoes, somatic embryo development was 
induced by phytohormones cytokinin and auxins, 
such as naphthaleneacetic acid (NAA), 2,4-dichlo- 
rophenoxyacetic acid (2,4-D), and benzyladenine 
(BA) (Jayasree et al. 2001). Regenerated plants, ob- 
tained through somatic embryos, maintain stability 
in transmitting genetic material from generation to 
generation. In this study, we aimed to determine the 
optimal concentration of benzylaminopurine (BAP) 
and 1-naphthaleneacetic acid (NAA) for callus for- 
mation, as well as BAP and gibberellic acid (GA,) 
for somatic embryogenesis in the local Sarnav pota- 
to variety. We compared the results of the local vari- 
ety with those of the Desiree variety, which is often 
used as the control. 

The research was conducted at the Transgenomics 
and Tissue Culture Laboratory of the Centre of 
Genomics and Bioinformatics of the Academy of 
Sciences of Uzbekistan, focusing on the in vitro 
cultivation of Sarnav and Desiree potato varieties. 
In this work, 100 samples of internodal stem and 
leaf explants were used. Explants were cultivated at 
20—22°C, a humidity of 72—74%, and a photope- 
riod of 16 h of light (2,000—3,000 lux)/8 h of dark. 
For preparing 1 L of callus induction medium, 4.31 g 
of MS mixture (Murashige & Skoog 1962), 30 g 
of sucrose, and 8 g of phyto-agar were used. Dif- 
ferent mass ratios of NAA and BAP were used to 
establish the optimum ratio: 1.5: 1 mg/L for the M1 
culture medium; 1: 1.5 mg/L for the M2 medium; 
2: 2 mg/L for the M3. Only NAA was included for 
the M4 (1.5 mg/L), M5 (1 mg/L); and M6 (3 mg/L) 
culture media. For the preparation of 1 L of somat- 
ic embryogenesis nutrient medium (SE), 4.31 g MS 
powder (Murashige & Skoog 1962), 20 g sucrose, 
0.1 g myo-inositol, 8 g phyto-agar, and various ra- 
tios of BAP and GA, (1: 0.5 mg/L for SE1; 0.4: 0.1 
mg/L for SE2; 0.5: 0.2 mg/L for SE3; 0.1: 0.1 mg/L 
for SE4) were used. 

Callus tissue formation was observed after 5—7 
days in all nutrient media on the cut surface of the 


explants. After subculturing in a nutrient medium for 
two months, the frequency of callus formation was 
evaluated. Statistical analyses were carried out by 
F-statistic value criteria. Callus induction frequency 
was calculated using the formula below (Harun-Or- 
Rashid et al. 2001). 


Nexplants produced calli m 


Callus induction frequency % = 
Nexplants cultured 


100 


The highest callus formation was achieved in 
Sarnav leaf explants grown in M2, M3, M4, and 
M5 culture media. In M4, M5, and M6 media, in 
which NAA alone was used, callus formation rates 
ranged from 65 to 100% in leaf explants of Sarnav 
and Desiree varieties. The highest frequencies of 
callus formation in both varieties were achieved in 
the M2 nutrient medium containing | mg/l NAA and 
1.5 mg/L BAP (Figure 1). Our findings align with 
those obtained by Harun-Or-Rashid et al. (2001), 
who also observed similar callus formation rates. 
Callus formation on internodal explants was lower 
compared to leaf explants in both varieties. In the 
M2 nutrient medium, the frequency of the callus 
formation from internodal explants was the highest 
and reached 92% in the Desiree and 100% in the 
Sarnav explants. 

In the callus formation, compact pale green calli 
were initially formed on both varieties’ internodal 
and leaf explants. During their development process, 
the colour of the callus tissues changed and differed 
depending on the explant type. Light green callus 
tissue was formed on the leaf explants, and a yellow 
white callus was formed on the stem explants (Fig- 
ure 2). From the 8" week, it changed to light green, 
green, and greenish yellow colours. Greening oc- 
curred due to the development of chloroplasts in the 
callus cells under the influence of light. The colour 
and structure of the callus tissue ensure the continu- 
ity of the cell proliferation process. This increases 
the probability of obtaining somatic embryos from 
these cells. 

Somatic embryos appeared mainly in light green, 
yellow and green tissues, and increased the chance 
of plant regeneration. This can be explained by the 
fact that the browning of callus tissue is associated 
with the excess amount of phenols in tissues inhib- 
iting plant growth (Kumar et al. 2015). In the leaf 
explants of the Sarnav variety, a compact pale green 
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callus appeared in the M3 nutrient medium, which The optimum ratios of various plant growth reg- 
turned brown after 2 months. Probably, due to the ulators vary in different plants and even varieties. 
high content of auxin and cytokinins, the process of When several ratios of BAP and NAA were used for 
cell division was accelerated and led to the ageing the Cardinal potato variety, the 2.0 mg/L BAP and 
process. 
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Figure 1. Effect of different concentrations of NAA/BAP and NAA on callus proliferation of leaf and stem internode explants 
of Sarnav and Desiree varieties. a, b — significant difference P < 0.01, respectively. 

Note: NAA — 1|-naphthaleneacetic acid; BAP — 6-benzyl aminopurine; M1-M6 — MS (Murashige & Skoog 1962) culture me- 
dia enriched with different ratios of plant growth regulators: M1 (1.5 mg/L NAA: 1 mg/L BAP), M2 (1 mg/L NAA: 1.5 mg/L 
BAP), M3 (2 mg/L NAA: 2 mg/L BAP), M4 (1.5 mg/L NAA), M5 (1 mg/L NAA), M6 (3 mg/L NAA). 


Ta 


Figure 2 (A-H). Effect of auxin and cytokinin concentration on callus proliferation in potato explants (internode stems and 
leaves) grown in vitro. 

Note: A — Yellowish white callus formed from internode stem explant in M2 nutrient medium of Sarnav variety; B — Yellow- 
ish white callus formed from leaf explant in M2 (1 mg/L NAA and 1.5 mg/L BAP) nutrient medium of Sarnav variety; C — 
Yellowish white callus after 20 days in M1 (1.5 mg/L NAA and | mg/L BAP) nutrient medium of Sarnav variety; D — Green 
callus obtained from leaf explants of Desiree variety in M3 (2 mg/L of NAA and 2 mg/L BAP) nutrient medium; E — Light 
green callus obtained from Sarnav variety in M1 (1.5 mg/L of NAA and | mg/L BAP) nutrient medium; F — Brown callus 
obtained from Sarnav variety in M3 (2 mg/L NAA and 2 mg/L BAP) nutrient medium; G — Green yellow callus of variety in 
M6 (NAA 2 mg/L) nutrient medium; H — Brownish green callus of Desiree variety in M5 (NAA 1 mg/L) nutrient medium. 
M1-M6; NAA; BAP - see Figure 1. 
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2.5 mg/L NAA caused 95% callus formation and 
80% regeneration efficiency (Yasmin et al. 2003). 

Auxins and cytokinins are essential for forming 
callus tissue and somatic embryogenesis in plants 
(Przybyt et al. 2020). When these chemicals are not 
sufficient, cell division slows down. Therefore, there 
is a need to use them exogenously. In our study, the 
M2 nutrient medium containing 1.0 mg/L NAA and 
1.5 mg/L BAP resulted in higher callus formation 
in Sarnav and Desiree varieties. This concentration 
was found to be effective for both varieties. Later, 
the callus tissues obtained from leaf and internodal 
stem explants were transferred to the MS nutrient 
medium prepared for somatic embryogenesis (SE1 
to SE4). In different plants, various concentrations 
of plant growth regulators have been found to yield 
optimal results (Nassar et al. 2015). In this study, 
we used MS nutrient media (SE1, SE2, SE3, and 
SE4) enriched with different ratios of BAP and GA, 
(1:0.5; 0.4:0.1; 0.5:0.2; 0.1:0.1 mg/L). Embryo- 
genic cells appeared two weeks after transfer to a 
new nutrient medium. 

Embryogenic cells were distinguished from 
non-embryogenic cells by their rounded shape, and 
when we observed the embryogenic cells under the 
microscope, different stages were detected (Figure 
3 (A-C)). The onset of somatic embryogenesis in 
callus tissues depended on the composition of the 
nutrient medium. In this process, the cells differenti- 
ate and form a spherical structure. Somatic embryos 
initially developed in the nutrient medium contain- 
ing 0.1 mg/L BAP and 0.1 mg/L of GA.. 

In this work, we observed the embryos of the 


globular, heart, and torpedo stages in the explants 
of potato leaves and internode stems. Several works 
have been carried out on obtaining regenerates by so- 
matic embryogenesis in potatoes. Globular-, heart-, 
and torpedo-shaped embryos were obtained when 
2,4-D was used (Sharma & Millam 2004). When 
0.5 mg/L 2,4-D was applied to the internodal stems 
of potato, callus tissue was obtained and embryoge- 
nic cells appeared (Vargas et al. 2005). Khatun et 
al. (2003) achieved 90% callus formation by using 
2.5 mg/L 2,4-D. Nassar et al. (2015) summarised that 
the doses 3—8 mg/L of NAA with 0.25—0.5 mg/L 
of BAP were successfully used to obtain callus from 
potato explants, and the doses 0.4—1 mg/L of BAP 
with the 0.1—0.4 mg/L of GA, were efficient to ob- 
tain somatic embryos. 

The total percentage of embryos and the number 
of globular-, heart-, and torpedo-shaped stages were 
evaluated at the 10™ week of their development. 
The percentage of embryo formation was calculated 
based on the number of explants that made 100 
samples in leaves and inter-joint stem explants 
placed for callus formation in nutrient media (SE1, 
SE2, SE3, and SE4). Accordingly, were calculated 
the number of embryos in each nutrient medium. 
The total number of embryos in the Sarnav variety 
leaf explants made 50 (50%) in SEI medium; 57, 49, 
and 80% results were observed in SE2, SE3 and SE4 
culture media, respectively (Figure 4). In internodal 
stem explants, the total number of embryos made 
48, 55, 45, and 70 in SE1, SE2, SE3, and SE4 culture 
media, respectively (Figure 5). Similar patterns 
were observed between the development of somat- 


Figure 3 (A—C). Sarnav potato callus tissue in a SE4 somatic embryogenesis nutrient medium holding 0.1 mg/L of BAP and 
GA, each. A— embryogenic callus tissue; B—non-embryogenic callus tissue; C — Stages of development of the somatic embryo: 
G — globular stage embryo; H — heart stage embryo; T — torpedo stage embryo. 


Note: BAP — 6-benzyl aminopurine; GA, — gibberellic acid. 
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ic embryos obtained from leaf and internodal stem 
explants. The SE4 culture medium that contain 0.1 
mg/L BAP and 0.1 mg/L GA, resulted in the highest 
level of embryo formation in globular- and heart- 
shaped stages on both leaf (Figure 4) and internodal 
stem explants (Figure 5). 

Direct somatic embryogenesis from leaf and inter- 
nodal stem explants of the ‘Kufri Chipsona 2’ potato 
variety was induced by 2.5 uM 2,4-D and 1.0 mM 
BA. In their study, the embryos changed from heart- 
shaped to torpedo-shaped; after 8 weeks, they be- 
came cotyledon-shaped (Kaur etal. 2018). In another 
work, somatic embryos were formed in the explants 
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of potato internodal stem, leaf, microtuber, and root. 
At first, light green calli appeared from the cut place 
of the inter-articular stem. These results were ob- 
tained in nutrient media containing auxin and cyto- 
kinins: 19 uM IAA, 0.15 uM TDZ, 0.15 uM BAP, 
12 uM zeatin, and 0.55 uM GA, (Seabrook & Dou- 
glass 2001). Sharma et al. (2007) showed that auxin 
is of primary importance in the process of somat- 
ic embryogenesis in potato plants. Positive results 
were achieved when 20 uM 2,4-D was applied to 
internodal stem explants of potato. The efficiency of 
BAP together with other plant growth regulators on 
the somatic embryogenesis, indicated in above men- 
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Figure 4. Percentage of somatic embryos with a given developmental stage of embryos obtained from leaf explants in media 
SEI (1: 0.5 mg/L BAP and GA,); SE2 (0.4: 0.1 mg/L BAP and GA,); SE3 (0.5: 0.2 mg/L BAP and GA,); SE4 (0.1: 0.1 mg/L 


BAP and GA,). 


Note: SE1 —SE4 — Somatic embryogenesis culture media enriched with plant growth regulators; BAP, GA, — see Figure 3. 
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Figure 5. Percentage of somatic embryos with a given developmental stage of embryos obtained from internodal stem 
explants in media SE1 (1: 0.5 mg/L BAP and GA,); SE2 (0.4: 0.1 mg/L BAP and GA,); SE3 (0.5: 0.2 mg/L BAP and GA,); 


SE4 (0.1: 0.1 mg/L BAP and GA,). 


Note: SE1 —SE4 — Somatic embryogenesis culture media enriched with plant growth regulators; BAP, GA, — see Figure 3. 
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tioned works, corresponds with our results. The for- 
mation of somatic embryogenesis in various stages, 
observed in our work, is in correspondence with 
other results (Seabrook & Douglass 2001; Sharma 
et al. 2007; Kaur et al. 2018). 


CONCLUSIONS 


In this study, callus induction and somatic 
embryogenesis were successfully achieved in both 
Sarnav and Desiree potato varieties using BAP-, 
NAA-, and GA,-enriched variants of MS medium. 
The highest efficiency for callus formation was 
observed at the 1: 1.5 mg/L ratio of NAA and BAP, 
resulting in 92% efficiency for the Desiree variety 
and 100% efficiency for the Sarnav variety. The 
Sarnav variety exhibited greater callus formation in 
comparison to the Desiree variety in other nutrient 
media. Furthermore, somatic embryo formation 
was highly efficient in internode stem explants 
using BAP and GA, at the 0.1: 0.1 mg/L ratio, with 
both varieties achieving a 65—70% success rate. 
The Sarnav variety demonstrated 80% efficiency 
in leaf explants, while the Desiree variety showed 
78%. These results highlight the suitability of the 
local Sarnav variety for somatic embryogenesis 
and provide valuable insights for future genetic 
transformation research. These results will be used 
for genetic transformation research in the future. 
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